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Summary
Oral-fluid sampling was attempted on 513 
individually housed, mixed-parity sows. 
Younger sows (P < .01) and re-sampling 
(P < .001) were associated with successful 
collection. Diagnostic results on samples col-
lected on 2 successive days were correlated. 
Oral-fluid sampling in breeding herds would 
facilitate surveillance and animal welfare.
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Testing oral-fluid samples by antibody-based assays or polymerase chain reaction- (PCR-) based assays 
is an effective and efficient method to survey 
for a variety of infectious agents, includ-
ing porcine reproductive and respiratory 
syndrome virus (PRRSV),1-5 influenza A 
virus,6-9 porcine circovirus type 2,10 and oth-
ers.11-13 Oral fluids are commonly collected 
from pens of animals,14 but can also be 
collected from individual animals. Thus, it 
has been reported that most boars could be 
trained for oral-fluid collection by providing 
the boars repeated exposure to the collection 
process.1,5
The premise of this study was that collection 
of oral fluid on commercial sites of individu-
ally housed sows could facilitate breeding-
herd surveillance for infectious diseases 
and improve animal and worker welfare by 
reducing the need to restrain sows for sample 
collection. However, to the knowledge of the 
authors, there is no published data on the 
collection of oral-fluid samples from individ-
ually housed sows and, likewise, there is little 
data on the repeatability of test results on 
successive oral-fluid samples collected from 
the same individual in commercial settings. 
Therefore, the purpose of this study was not 
only to evaluate the concept that oral-fluid 
collection in breeding herds is plausible, but 
also to provide basic collection parameters 
in relation to parity, a training effect, and 
diagnostic repeatability.
Materials and methods
The study was conducted with the approval 
of the Iowa State University Institutional 
Animal Care and Use Committee.
The study involved 513 individually 
housed, mixed-parity, gestating sows on two 
separate commercial farms. No criteria or 
specifications were used to select animals 
for participation. The only requirement 
was that oral fluids had not previously 
been collected from any of these animals, 
ie, they were “untrained” for rope collec-
tion. Three parameters were of interest: the 
relationship between sow age (parity) and 
successful oral-fluid collection, the effect of 
re-sampling (“training”) on collection, and 
the repeatability of diagnostic test results on 
two successive oral-fluid samples collected 
from the same animal.
The study was carried out by attempting 
oral-fluid collection on 2 successive days 
under the same conditions, ie, ropes were 
placed at approximately 7:00 am, prior to 
feeding. Oral fluids were collected by hang-
ing a ⅝ -inch (1.59-cm) diameter 100% 
cotton rope at the front of each crate for 
30 to 45 minutes. To harvest the oral fluid, 
the rope was first gathered in a plastic bag 
and then grasped tightly while pulling the 
rope from the bag. A volume of ≥ 1.0 mL 
was defined as a successful collection. After 
sampling was completed, paired oral-fluid 
samples (Day 1 and Day 2) from 48 animals 
were randomly selected by a random num-
ber generator on the basis of sow sequence 
number from the order in which the ropes 
were placed for the successfully collected 
animals. The selected samples were then 
completely randomized using a random 
number generator, submitted to the Iowa 
State University Veterinary Diagnostic Lab-
oratory (ISU-VDL), and tested for PRRSV 
by real-time reverse transcriptase PCR (RT-
PCR) (TetraCore, Inc, Rockville, Maryland) 
and for anti-PRRSV antibodies (HerdChek 
Resumen - Recolección de fluidos orales 
de hembras alojadas individualmente
Se intentó tomar muestras de fluidos orales 
en 513 hembras de paridad mixta, alojadas 
individualmente. Las hembras más jóvenes 
(P < .01) y el re-muestreo (P < .001) se 
asociaron con la recolección exitosa. Se cor-
relacionaron los resultados diagnósticos de 
muestras recolectadas en 2 días consecutivos. 
El muestreo de fluido oral en hatos de cría 
facilitaría la vigilancia y el bienestar animal.
Résumé - Prélèvement de fluide oral chez 
des truies logées individuellement
Un échantillonnage de fluide oral fut tenté 
sur 513 truies de parité mixte logées indivi-
duellement. Les truies plus jeunes (P < 0,01) 
et un ré-échantillonnage (P < 0,001) 
étaient associés à un prélèvement réussi. Les 
résultats diagnostiques sur des échantillons 
prélevés 2 jours consécutifs étaient corrélés. 
L’échantillonnage de fluide oral dans des trou-
peaux de reproducteurs faciliterait la surveil-
lance et le bien-être des animaux. 
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X3 Oral Fluid ELISA; Idexx Laboratories, 
Inc, Westbrook, Maine) using procedures 
routinely performed in the laboratory.
The effect of sow age (parity) and re-
sampling (training) on successful oral-fluid 
collection was analyzed using a logistic 
regression model, logit(p) = α + β1×1 + 
β2×2 + β3×1×2, where P = probability 
of successful oral-fluid collection; α = 
intercept; β1 = regression coefficient for 
day; β2 = regression coefficient for parity; 
and β3 = regression coeffi  cient for interac-
tion of parity and day (SAS version 9.2; SAS 
Institute Inc, Cary, North Carolina). In this 
model, day, parity, and the interaction of 
parity and day are fixed effects and sow ID 
is a random effect. This logistic regression 
model was also used to predict oral-fluid 
collection success from the collected data. 
Logistic regression was used in the analysis 
because the logit link provided the means 
to evaluate the probability of successful 
oral-fluid collection (yes or no) in the con-
text of the covariates that could affect this 
probability. This approach factored in the 
influence of day, sow parity, the interaction 
of day and parity, and the random effects of 
individual animals while accounting for the 
uneven distribution of sows in each parity 
level, providing a better prediction of success 
rates by parity than the raw field data alone. 
To analyze the diagnostic repeatability of 
diagnostic test results, a Pearson’s correlation 
coefficient was used. A value of P < .01 was 
considered statistically significant.
Results
Oral fluids were collected on Day 1 from 
119 of 513 individually housed sows 
(23.2%). On Day 2, samples were collected 
from 245 of the same 513 animals (47.8%). 
Only four animals that provided a successful 
collection on Day 1 did not provide a sample 
on Day 2. Parity was associated with oral-
fluid collection (P < .01; logistic regression), 
with lower collection success observed at 
higher parities (Table 1). The total number 
of animals from which an oral-fluid sample 
was collected was significantly higher on 
Day 2 than on Day 1 (P < .001; logistic 
regression). This increase in response was 
observed at all parity levels.
Testing showed that all oral-fluid samples 
(n = 96 from 48 animals) were negative 
for PRRSV by RT-PCR, but positive for 
PRRSV antibody by oral-fluid ELISA. 
Therefore, the analysis of diagnostic repeat-
ability on paired samples (Day 1 versus 
Day 2) was based only on the sample-to-pos-
itive (S:P) ratios of the PRRS ELISA. The 
analysis of the ELISA S:P ratios (Figure 1) 
revealed a strong correlation between Day 1 
and Day 2 results (Pearson’s correlation coef-
ficient = 0.82) and no significant difference 
between days (P > .05; paired t test).
Discussion
Routine collection of oral-fluid samples 
from individually housed boars has been 
documented in both experimental and field 
studies.1,5 In these studies, individual boars 
were trained for oral-fluid collection by 
hanging the rope at the front of the pen for 
20 minutes daily for 2 or 3 days. Thereafter, 
most boars were compliant with oral-fluid 
collection. Although assurance of PRRSV-
free semen requires testing by RT-PCR 
serum samples or blood swabs from boars 
at the time of semen collection, oral-fluid 
sampling from non-donor boars provides 
a mechanism for disease monitoring while 
avoiding the necessity of collecting blood.1,5 
This decreases the frequency of restraining 
animals for sample collection and increases 
worker safety.1,15
Although this is a “proof of concept” study, 
the findings suggested that the behavior seen 
in boars also applies to individually housed 
sows in commercial herds. In particular, 
repeated exposure of sows to the rope pro-
duced a measurable training effect regardless 
of animal age. It was also observed that 
younger females were more likely to interact 
with the rope, which is supported by both 
the observed and the statistically predicted 
oral-fluid successful collection rates. This 
suggests the possibility of training animals 
prior to entry into the breeding herd dur-
ing isolation or quarantine. Of course, the 
advantages of oral-fluid collection in boars 
also apply to sow herds for more consistent 
and safer disease monitoring.
Accurate surveillance depends on the repeat-
ability and reproducibility of the diagnostic 
assays used. In this study, quantitative 
analysis of testing results showed a strong 
correlation (Pearson’s correlation coefficient 
of 0.82) between samples collected from the 
same individuals on 2 consecutive days. This 
further increases confidence in the process of 
surveillance in sows using oral-fluid samples.
These baseline results suggest that oral-fluid 
samples can be collected from individually 
housed sows, but that further studies on the 
optimization of oral-fluid collection in the 
sow unit (gestation and farrowing) would 
be of value. Potential future studies include 
further evaluation of training methods and 
an assessment of the duration of the train-
ing effect. Regardless of the approach, more 
extensive surveillance of the sow herd will 
be necessary if we are to achieve control of 
Table 1: Percent success of oral-fluid collection from individual sows in individual 
housing by parity and by Day 1 and Day 2 of collection*
% successful oral-fluid collection
 Actual collection Predicted collection†
Parity‡ No. of sows Day 1 Day 2§ Day 1 Day 2
0 41 14.6 36.6 29.5 61.8
1 89 34.8 67.4 25.1 57.2
2 94 25.5 50.0 21.3 52.4
3 71 33.8 56.3 17.8 47.5
4 72 16.7 47.2 14.9 42.8
≥ 5 146 15.1 33.6 12.3 38.1
*  Sows were individually housed in conventional gestational confinement, and oral-fluid 
samples were collected on an individual-animal basis on 2 successive days. A cotton 
rope was hung directly in front of each sow. Each sow in the study was positioned next to 
another study animal. Each individual had its own feeder and watering system. A success-
ful collection was defined as collecting an oral-fluid volume ≥ 1.0 mL.
†  Predicted oral-fluid collection success was based on analysis of the field collection data using 
a logistic regression model, (logit(p) = α + β1×1 + β2×2 + β3×1×2), where P = probability of 
successful oral-fluid collection; α = intercept; β1 =  regression coefficient for day; β2 = regres-
sion coefficient for parity, and β3 = regression coefficient for interaction of parity and day.
‡  Parity was significantly associated with sampling success (P < .01; logistic regression).
§  Collection rate significantly higher on Day 2 (P < .001; logistic regression).
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successful in younger sows.
•	 Regardless	of	age,	improved	collection	
success on re-sampling suggests that 
sows could be trained for oral-fluid 
collection, eg, during quarantine.
•	 The	strong	correlation	(r	=	0.82)	
observed between PRRS oral-fluid anti-
body test results on different samples 
from the same animal strengthens the 
validity of oral-fluid testing.
•	 The	use	of	oral	fluids	for	monitoring	
PRRSV in breeding herds is plausible 
and could improve the current level 
of surveillance in most breeding herds 
by facilitating sample collection from 
animals and reducing the need to col-
lect blood samples.
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Figure 1: The random selection of 48 sows from the study participants that 
provided consecutive oral-fluid samples for the 2 days of the study (described in 
Table 1) showed a strong correlation (Pearson correlation, r = 0.82) between sam-
ple-to-positive ratio (S:P) values in the antibody enzyme-linked immunosorbent 
assay (ELISA) for porcine reproductive and respiratory virus syndrome (PRRSV) 
with repeat testing on the same individual animals. Each data point represents the 
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